
RESEARCH OBJECTIVES
Carbon dioxide (CO2) injection into deep geologic formations

can potentially reduce atmospheric emissions of gre e n h o u s e
gases. Sequestering less-pure CO2 waste streams (containing H2S
and/or SO2) would re q u i re less energy than separating CO2 f ro m
flue gas. The long-term interaction of these injected acid gases
with shale-confining layers of a sandstone injection zone has not
been well investigated. We there f o re have developed a conceptu-
al model of CO2 injection with H2S and/or SO2 into a sandstone-
shale sequence, using hydrogeologic properties and mineral
compositions commonly encountered in Gulf Coast sediments of
the United States.  

APPROACH
We have performed numerical simu-

lations of a 1-D radial well region consid-
ering sandstone alone, and a 2-D model
using a sandstone-shale sequence under
acid-gas injection conditions. The reactive
fluid flow and geochemical transport
simulator TOUGHREACT was used for
these simulations. We considered the
presence of organic matter, the kinetics of
chemical interactions between the host
rock minerals and the aqueous phase,
and CO2 solubility dependence on pres-
sure, temperature, and salinity of the sys-
tem.  

ACCOMPLISHMENTS
The co-injection of H2S, compared to injection CO2 a l o n e ,

does not significantly affect pH distribution and the mineral
alteration pattern. The co-injection of SO2 results in a diff e rent pH
distribution and mineral alteration pattern. A zonal distribution
of mineral alteration and formation of CO2 and sulfur- b e a r i n g
minerals has been observed in the simulations, which reflects the
pH distribution. Co-injection of SO2 results in a larger and
s t ronger acidified zone (as low as a pH of 0.6). Corrosion and well
abandonment problems will be a very significant issue for SO2
injection. Most CO2 is trapped by precipitation of ankerite and

dawsonite, with some in siderite. Using conditions and parame-
ters presented in Xu et al. (2005), a CO2 mineral trapping capabil-
ity after 10,000 years can reach about 80 kg per cubic meter of
medium. The CO2 trapping capability depends on the primary
mineral composition. For example, precipitation of siderite and
ankerite re q u i res Fe2 + supplied by the dissolution of primary
i ron-bearing minerals. Most of the sulfur is trapped by alunite
p recipitation, some by anhydrite, and some still smaller amount
by pyrite. Precipitation of these sulfur-bearing minerals occurs
primarily during the injection operation period, because the SO2

inventory is very small (1 wt.% of CO2
injected in the simulations). Adding acid
gases leads to increases in porosity close to
the well, caused by mineral dissolution,
and decreases at distances, resulting fro m
C O2 trapping. The simulated mineral alter-
ation pattern is generally consistent with
available field observations of natural CO2
reservoirs. 

SIGNIFICANCE OF FINDINGS
The effects of co-injection of H2S and

SO2 on CO2 geological sequestration is
evaluated, and CO2 mineral trapping
capability is estimated. The “numerical
experiments” give a detailed understand-
ing of the acid gas injection system. 
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Figure 1. Cumulative CO2 sequestered by car-
bonate mineral precipitation at diff e re n t
times


